ABSTRACT We studied neonates with the infradiaphragmatic form of total anomalous pulmonary venous drainage by a combination of cross-sectional echocardiography and pulsed Doppler ultrasound. The diagnosis by ultrasound was made prospectively in all six patients. Three large vascular channels could be observed passing through the diaphragm from the subcostal parasagittal plane. The vessels were identified as the descending aorta (to the left), the inferior vena cava (to the right), and the anomalous pulmonary venous channel (in the center). The vessels were insonated in turn, with pulsed Doppler ultrasound, and the characteristic normal flow signals in the aorta and inferior vena cava were obtained. The signal from the anomalous pulmonary vein was a continuous venous signal, the direction of flow being away from the heart. Pulsed Doppler ultrasound allows accurate recognition of the anomalous pulmonary venous channel without the use of contrast echocardiography. Circulation 70, No. 3, 412-416, 1984. CROSS-SECTIONAL ECHOCARDIOGRAPHY has proven useful in the rapid diagnosis of infradiaphragmatic total anomalous pulmonary venous connection (TAPVC) in the sick newborn. 2We have shown previously that the rapid recognition of the anomalous pulmonary venous channel can be enhanced through the use of contrast echocardiography.3
CROSS-SECTIONAL ECHOCARDIOGRAPHY has proven useful in the rapid diagnosis of infradiaphragmatic total anomalous pulmonary venous connection (TAPVC) in the sick newborn. 2We have shown previously that the rapid recognition of the anomalous pulmonary venous channel can be enhanced through the use of contrast echocardiography.3
Range-gated pulsed Doppler ultrasound is unique in its ability to assess the character and direction of blood flow within vessels visualized by two-dimensional echocardiography. Unlike contrast echocardiography, the use of this method requires no venous access, and we therefore evaluated the combined use of cross-sectional echocardiography and range-gated pulsed Doppler ultrasound for the rapid noninvasive identification of infradiaphragmatic TAPVC in six infants.
Methods
From March 1 to July 30, 1983, we examined six consecutive infants with infradiaphragmatic TAPVC with cross-sectional echocardiography/range-gated pulsed Doppler ultrasound. The infants were referred for evaluation because of a variety of clinical, electrocardiographic, and radiologic findings and ranged in age from 1 to 30 days at the time of diagnosis. In all six the diagnosis of infradiaphragmatic TAPVC was confirmed on catheterization.
The cross-sectional scans were obtained with an ATL Mark 500 mechanical scanner with full spectral output interfaced with a 5 MHz transducer. The transducer was placed in the subcostal region and the scan was oriented in a sagittal body plane and swept from left to right to scan the thoracoabdominal vessels. In a sagittal plane from the subcostal view the aorta was identified to the left and posterior, the inferior vena cava was noted in an anterior position and to the right, and the descending anomalous pulmonary vein was identified in an intermediate position (figure 1) .
The scanner could be stopped along any line within the image and the Doppler sample volume could be positioned at any depth along the line for sampling. The sample volume was teardrop shaped and was approximately 1.25 mm long and 1.5 mm wide. The operational mode of the scanner was switched from real-time imaging to spatially oriented Doppler sampling with simultaneous M mode and electrocardiographic display for timing. The pulse repetition frequency rate varied depending on the depth, with the maximum frequency display (Nyquist limit) ranging between 6.4 and 3.2 KHz. There were two outputs of the Doppler signal. The first was an audio signal that allowed differentiation between arterial and venous signals. The arterial signal had a characteristic phasic quality, whereas the venous signal had a more steady blowing quality. The inferior vena cava frequently had a superimposed phasic quality due either to CIRCULATION DIAGNOSTIC METHODS-CONGENITAL HEART DISEASE The second output was a quantitative fast-Fourier transform spectral analysis of the Doppler frequency shift sampled at 100 times/sec. The direction of the sienal was defined from the middle of the recording strip. Flow toward the transducer was displayed above the baseline, whereas flow away from the transducer was displayed below it.
Results
The clinical findings and those of cardiac catheter- the flow was toward the transducer and away fromi the heart.
Discussion
Infants with infradiaphragmatic TAPVC are usually cyanotic and may present with severe respiratory distress associated with the development of increasing pulmonary venous obstruction. This defect can be difficult to ditferentiate clinically from persistent pulmonary hypertension of the newborn or pulmiionary disease.' Cross-sectional echocardiography has proved useful in the diagnosis of the supracardiac forms of TAPVC. which appear as a large coimmon pulmionary venous chamber behind the left atrium, a large vertical vein, or an enlarged coronary sinus. -Cross-sectional echocardiographic assessment of infradiaphragmatic TAPVC is somewhat more difficult since the pulmonary veins may converge at a great distance froim the atrium just above the diaphragm. A subcostal transducer position may allow imaging of the infradiaphragmatic common pulm.onary vein in such cases. By assessing the quality of the Doppler flow signal, the pulsatile high-frequency signal indicating descending aortic flow can easily be differentiated from the lowfrequency venous signal. The directionality of tlow in the two venous vessels can then be used to differentiate these structures. Flow away from the heart occurs in a common pulmonary vein, whereas flow toward the heart occurs in the inferior vena cava.
There are few structures that might be confused with an anomalous channel descending through the diaphragm. The infradiaphragmatic esophagus shares the same hiatus in the diaphragm as the common pulmonary vein, but is usually imaged for a shorter distance than the anomalous vein and does not produce a flow signal on Doppler insonaton. A large azygos vein may also be imaged but its position is posterior and to the left of the aorta. "' Doppler insonation of this vessel shows flow toward the heart."`Although in these six patients all the pulmonary veins were found to drain into a common pulmonary venous channel, cases of mixed anomalous drainage with one vein draining into a vertical vein, into the coronary sinus, or directly into an atrium may give an identical echocardiographic/ Doppler pattern. This must be considered when other investigative or surgical procedures are performed.
These echocardiographic findings are specific for the infradiaphragmatic anomalous pulmonary venous channel. Indeed, since the previous report' on contrast echocardiography in infants with TAPVC, use of the technique has resulted in the correct diagnosis in 14 consecutive patients.
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